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a b s t r a c t
Aureobasidium pullulans strains Ach 1-1 and 1113-5 are two effective biocontrol agents against Botrytis
cinerea and Penicilliumexpansumon stored apples. In thepresentwork, amonitoring systemallowing their
identiﬁcation and quantiﬁcation was developed. The methodology used consisted of the development of
both molecular markers and a semi-selective medium. The random ampliﬁed polymorphic DNA (RAPD)
techniquewas applied to a collectionof 15 strains ofA. pullulans, includingAch1-1 and1113-5. Five speciﬁc
RAPD fragments were ampliﬁed for strain Ach 1-1 and three others for strain 1113-5. Among them, a
fragment of 528bp speciﬁc to strain Ach 1-1 (generated with the OPR-13 RAPD primer) and another
one of 431bp speciﬁc to strain 1113-5 (ampliﬁed with the OPQ-03 RAPD primer) were selected, cloned,
sequenced, and used to design sequence-characterized ampliﬁed region (SCAR) primers. Three different
SCAR markers were ampliﬁed: two speciﬁc to strain Ach 1-1 (189bp and 387bp) and one speciﬁc to strain
1113-5 (431bp). These SCAR primers can clearly identify strains Ach 1-1 and 1113-5 among 14 strains of
A. pullulans and among eight yeast strains commonly present on apple fruit surfaces. Their selectivity
was also tested using DNA extracted from epiphytic microﬂora of the apple surface. As a semi-selective
medium, PDAmedium supplementedwith 0.5mgL−1 euparen, 1mgL−1 sumico, 2.5mgL−1 hygromycin B,
30mgL−1 streptomycin sulphate, and 1mgL−1 cycloheximide was selected. It inhibited the development
of the air microﬂora and appeared highly toxic for the epiphytic microﬂora of apple surface without
altering the growth of the targeted strains Ach 1-1 and 1113-5. The combination of the semi-selective
medium and SCAR markers provides a valuable monitoring tool to speciﬁcally identify and quantify A.
pullulans strain Ach 1-1 and strain 1113-5 and could be used in future studies to evaluate their population
dynamics under various laboratory and practical conditions.
© 2008 Elsevier B.V. All rights reserved.
1. Introduction
Aureobasidium pullulans (De Bary) Arnaud belongs to the black
yeasts, a heterogeneous group deﬁned as dematiaceous ﬁlamen-
tous fungi (Ajello, 1977), which conquer extreme environments
characterizedbyoligotrophic nutrient conditions, elevated temper-
atures, UV radiation, matrix and osmotic stress and combinations
of these factors (Sterﬂinger, 2005). Three varieties have been rec-
∗ Corresponding author. Tel.: +32 81622437; fax: +32 81610126.
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1 These authors have equally contributed to this work.
ognized: A. pullulans var. pullulans, A. pullulans var. melanogenicum
(Hermanides-Nijhof, 1977), andA. pullulansvar.aubasidani (Yurlova
and de Hoog, 1997). From an ecological point of view, A. pullulans
is a ubiquitous species found mainly on the phylloplane and has
been isolated from different samples and substrates (Domsch et al.,
1980). Some A. pullulans strains are of commercial interest because
of their biosynthesis of pullulan, an extracellular polysaccharide
(Lee et al., 1999). Several other strains have been considered as
potential biocontrol agents against themainpostharvest pathogens
(e.g.Botrytis cinereaandPenicilliumexpansum) on several important
crops, including apple (Leibinger et al., 1997; Ippolito et al., 2000;
Castoria et al., 2001; Achbani et al., 2005; Krimi Bencheqroun et al.,
2007).
0925-5214/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
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In this context, A. pullulans strains Ach 1-1 and 1113-5 were
isolated from ‘Golden Delicious’ apples for their high antagonis-
tic activity (more than 80%) against B. cinerea and P. expansum, two
major postharvest pathogens of apples (Achbani et al., 2005). With
regard to strainAch1-1, a process suitable for producing largequan-
tities has been developed (Mounir et al., 2007) and competition for
apple nutrients, most particularly amino acids, may be the main
mechanism of its biocontrol activity against blue mold caused by P.
expansumonharvestedapple fruit (KrimiBencheqrounet al., 2007).
The practical application of Ach 1-1 and 1113-5 strains as biocon-
trol agents will require the development of monitoring methods
allowing their speciﬁc identiﬁcation and their quantiﬁcation. Such
methods will be very useful to study the efﬁcacy, the ecological ﬁt-
ness and the environmental fate of these strains once applied on
apples. They will also contribute to the establishment of a qual-
ity control procedure for the biofungicide and may facilitate the
registration procedure.
Several monitoring methods have been developed to identify
and to quantify microorganisms, the choice of the method being
dependent on the required level of speciﬁcity. In the case of bio-
control agents, a strain-speciﬁc detection level is needed as they
are released into the environment where other strains of the same
species of the biocontrol agent may be present. Among microbi-
ological monitoring methods, counting colony forming units (cfu)
after dilution plating on selective or semi-selective media has been
frequently and successfully used to monitor population size of bio-
control agents (Donegan et al., 1991; Teixido et al., 1999; Nunes
et al., 2008). This method, although simple and cheap, is based on
morphological and cultural characteristics of strains and may thus
not be able to differentiate between strains having the same char-
acteristics. In the case of A. pullulans, such a shortcoming may be
particularly signiﬁcant because of its high genetic variability and
its wide distribution in both the phyllosphere and the carposphere
(Yurlova et al., 1995; Schena et al., 1999;Urzi et al., 1999). Thedevel-
opment of PCR-based molecular markers allowing the detection
of a speciﬁc DNA sequence of the target strain offers the possi-
bility to differentiate it from closely related strains of the same
species (Olive and Bean, 1999). Random ampliﬁed polymorphic
DNA (RAPD) (Williams et al., 1990) remains the most commonly
used method to distinguish between several strains within the
same species because of its easy use and of its high discrimi-
nation power (Olive and Bean, 1999; Urzi et al., 1999). As RAPD
is based on the use of a short single primer for the ampliﬁca-
tion of genomic DNA under nonrestrictive conditions, the lack of
reproducibility remains its major drawback. However, the trans-
formation of RAPD primers into sequence-characterized ampliﬁed
regions (SCAR) primers (Paran and Michelmore, 1993) has allowed
a reproducible ampliﬁcation of one speciﬁc single DNA fragment
(Schena et al., 2002; Loncaric et al., 2008).
Rather than using one of the above-mentioned monitoring
methods, more and more work reports on the combination of the
advantages of dilution plating methods on (semi-)selective media
with strain-speciﬁc identiﬁcation by SCAR markers (Abbasi et al.,
1999; De Clercq et al., 2003; Pujol et al., 2005; Nunes et al., 2008). In
this context, themain objective of the present studywas to develop
(i) speciﬁc SCARmarkers using the RAPD technique, and (ii) a semi-
selective medium as a mixed monitoring system to identify and
quantify populations of A. pullulans strains Ach 1-1 and 1113-5.
2. Materials and methods
2.1. Yeast strains and culture conditions
Table 1 shows the original substrates and sources of the dif-
ferent strains used in the present work. A. pullulans strains Ach
1-1, Ach 2-1, Ach 2-2, and A. pullulans var. pullulans strains 1113-
5 and 1113-10 were isolated from the surface of ‘Golden Delicious’
apples (Achbani et al., 2005). The other strains of A. pullulans were
obtained from the collection of the ‘Mycothèque de l’Université
Catholique de Louvain’ (MUCL, Belgium). Other strains belonging to
four different species were also considered (Table 1). All the strains
were stored at −80 ◦C in 25% glycerol for a long-term storage, and
on Potato Dextrose Agar (PDA) medium (Merck, Darmstadt, Ger-
many) at 4 ◦C for a short-term storage. Before each experiment,
Table 1
Origin and source of yeast strains used in the present study
Yeast species Strain Original substrate Source
Aureobasidium pullulans Ach 1-1 Apple, Golden Delicious (Belgium) Plant Pathology Unit (FUSAGx, Belgium)
Ach 2-1
Ach 2-2
MUCL 22377 Leaves, Quercus robur (Sweden) MUCL (Louvain-la-Neuve, Belgium)
MUCL 20326 Leaves, Hordeum sativum (Belgium)
MUCL 20322 Tuiles (The Netherlands)
MUCL 6147 Picea abies (Norway)
A. pullulans var. pullulans MUCL 7862 Cupule, Fagus sylvatica (Belgium)
1113-5 Apple, Golden Delicious (Morocco) INRA (Mekne`s, Morocco)
1113-10
1206-5
A. pullulans var. melanogenum MUCL 8724 Soil (Zaire) MUCL (Louvain-la-Neuve, Belgium)
MUCL 19714 Fruit, Symphoricarpos rivularis (Sweden)
MUCL 19360 Tree, Xyloterus lineatus (Belgium)
MUCL 43163 Leaves and stem, Citurs sinensis (Brazil)
Pichia anomala K Apple, Golden Delicious (Belgium) Plant Pathology Unit (FUSAGx, Belgium)
J121 Cereals Department of Microbiology (SUAS, Sweden)
Candida oleophila O Apple, Golden Delicious (Belgium) Plant Pathology Unit (FUSAGx, Belgium)
I-128 Apple AspireTM (Ecogen, Langhorne, USA)
Candida sake CBS 2213 Unknown CBS-KNAW (Utrecht, The Netherlands)
CBS 159 Unknown
Debaryomyces hansenii MUCL 29030 French cheese MUCL (Louvain-la-Neuve, Belgium)
MUCL 29907 Human skin
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strains were grown on PDA medium for three subcultures of 48h
at 25 ◦C.
2.2. Identiﬁcation of molecular markers
2.2.1. DNA extraction
Strainswere allowed togrowonYEPDmedium(1%yeast extract,
2% peptone, 2% dextrose; Merck) with rotatory shaking at 25 ◦C for
24h. Genomic DNA of the different strains (Table 1) was isolated
according to Ausubel et al. (1987) with minor modiﬁcations. Cell
cultures (10mL) were centrifuged for 10min at room temperature
at 3000 rpm in a Sorval GSA rotor and the pelletswere suspended in
500L of sterile distilled water. This step (centrifugation/washing)
was performed twice and yeast cells were resuspended in 200L
of breaking buffer (2% Triton X-100, 1% SDS, 100mM NaCl, 10mM
Tris–HCl pH 8.0, 1mM EDTA pH 8.0). The cell suspension was vor-
texed for 20min in the presence of 0.3 g of acid-washed glass beads
(425–600m diameter) and 200L of phenol/chloroform/isoamyl
alcohol (25:24:1), and then centrifuged at 15,700 g for 5min at
4 ◦C after addition of 200L TE X-1 (10mM Tris–HCl, 1mM EDTA,
pH 8.0). The aqueous phase was recovered and DNA was precipi-
tated with 100% cold ethanol (−20 ◦C). The pellet was suspended
in 400L of TE X-1, incubated for 30min at 55 ◦C and then sub-
mitted for 2min at 37 ◦C to deoxyribonuclease-free ribonuclease
(1mgmL−1). DNA was precipitated with two volumes of cold abso-
lute ethanol (−20 ◦C) in the presence of one-tenth volume of 4M
ammonium acetate, dried and dissolved in 50L TE X-1.
Genomic DNA of microorganisms living on the surface of apple
fruit (‘GoldenDelicious’)was also extracted. Threeuntreatedapples
and two treated (with strain Ach 1-1 or strain 1113-5) ones (positive
controls) were separately washed in 300mL of KPB buffer [16mM
K2HPO4, 34mM KH2PO4 and 0.05% Tween 80, pH 6.5] for 20min at
120 rpm on a rotatory shaker (Gerhardt, Germany). Washing water
resulting from each apple was ﬁltered (0.45m, Supor®, Gelman
Sciences, Ann Harbor, USA) and the cells were recovered in 1.5mL
of KPB buffer by vortexing during 10min. The cell suspension was
subsequently subjected to total DNA extraction as described above.
2.2.2. RAPD analysis
RAPD primers used in this study were obtained from Operon
Technologies Inc. (Alameda, California). In the ﬁrst round of ampli-
ﬁcations, Ach 1-1 was used as the targeted strain and 39 random
primers (detailed sequences not shown) were tested. In the sec-
ond round of ampliﬁcations, 60 primers (detailed sequences not
shown) were tested using 1113-5 as the targeted strain. The PCR
reactionswere performed in a 25Lmixture containing 1.0Uof Taq
DNA polymerase (Sigma–Aldrich, Inc, USA), 1× PCR buffer Sigma
(containing 2.5mM MgCl2), 100M of each dNTP, 2.5mM MgCl2,
0.5M RAPD primer and 50ng genomic DNA. Ampliﬁcations were
performed in a thermal cycler (PTC 200, MJ Research Inc., USA),
starting with an initial denaturation step at 94 ◦C for 5min, fol-
lowed by 44 cycles at 94 ◦C for 15 s, 36 ◦C for 45 s and 72 ◦C for 90 s
with a ﬁnal extension step at 72 ◦C for 10min. Aliquots (10L) of
PCR products were subjected to electrophoresis on 1.5% agarose
gel in 1× TBE buffer (89mM Tris–Borate, 2mM EDTA, pH 8.0) and
visualized by staining with 1gmL−1 ethidium bromide.
2.2.3. Cloning and sequencing of RAPD markers
RAPD bands speciﬁc to strain Ach 1-1 and strain 1113-5
were respectively obtained with RAPD primers OPR-13 (5′-
GGACGACAAG-3′) and OPQ-03 (5′-GGTCACCTCA-3′). These bands
were excised from the gel and DNA was puriﬁed using the QIAEX
II DNA Puriﬁcation Kit (Qiagen, Germany) according to the manu-
facturer instructions. DNA fragments were ligated into the pCR 2.1
vector, and then used to transform competent cells of Escherichia
Table 2
Description of SCAR primers used for A. pullulans strains Ach 1-1 and 1113-5
Straina Code Sequence (5′-3′) Size (bp) Positionb
Ach 1-1 AR13.1 GACGACAAGAAAACTGGATCATGT 24 2–25
AR13.2 GGACGACAAGCTGAGGAGCG 20 509–528
AR13.3 ACTCCAACTCCCTGACGATG 20 77–96
AR13.4 GGTATCGCTGACCTCGTTGT 20 227–246
AR13.5 CAGAAGTCAGAGGACCAGTCA 21 49–69
AR13.6 TCGCACATACAACACGACTTG 21 472–492
AR13.7 CACCCGGTATTCCACTTCCAC 21 105–125
AR13.8 CAGCAGCGGGGGAGCTCGAT 20 451–470
AR13.9 CACCACGCAGCGAGAAGTCA 20 336–355
AR13.10 GTGGTTCCCATGTATTGTCTGA 22 273–294
AR13.11 CATACAACACGACTTGTCAGC 21 467–487
1113-5 AQ3.1 GTCACCTCAAGAAATATATTGTC 23 1–23
AQ3.2 GGTCACCTCATTATATCAGTGG 22 410–431
AQ3.3 AGAGACCGTTGTGGGCTTTAG 21 186–206
AQ3.4 AGTCCTGCCATTTGAGATCG 20 339–358
AQ3.5 ATTATCGGAGGCTGGTCGCA 20 160–179
AQ3.6 CGAATCCCTTCCAACTTGTCC 21 303–323
AQ3.7 CGAGGCCTTTCACACAATAACC 22 251–272
AQ3.8 CCTCATGCGACCAGCCTCCG 20 165–184
a Targeted strain.
b Position on sequenced RAPD markers obtained for strains Ach 1-1 and 1113-5
using respectively OPR-13 and OPQ-03 RAPD primers.
coli strain INVF′ using the TA Cloning kit (Invitrogen, USA). The
ULTRAPrep® Plasmid DNA kit (AHN Biotechnologie, Germany) was
used to isolate recombinant plasmids according to the included
protocol. Inserts were sequenced in both directions using the Big
DyeTerminator 3.1 Cycle Sequencing kit (AppliedBiosystems,USA).
2.2.4. Generation of SCAR markers
SCAR primers tested for the two targeted strains (Ach 1-1
and 1113-5) are described in Table 2. AR13.1 and AR13.2 SCAR
primers are derived from OPR-13 RAPD primer elongation. Simi-
larly, AQ3.1 and AQ3.2 are issued from OPQ-03 extension. The other
primers were designed using the online Primer3 software and the
sequenced RAPD markers as DNA sequence source. Thirteen SCAR
primer pairs for strain Ach 1-1 (AR13.1/AR13.2, AR13.3/AR13.4,
AR13.5/AR13.6, AR13.1/AR13.4, AR13.3/AR13.2, AR13.5/AR13.2,
AR13.3/AR13.6, AR13.5/AR13.4, AR13.7/AR13.10, AR13.9/AR13.8,
AR13.7/AR13.8, AR13.9/AR13.11, and AR13.7/AR13.11) and 12 for
strain 1113-5 (AQ3.1/AQ3.2, AQ3.1/AQ3.4, AQ3.1/AQ3.6, AQ3.1/
AQ3.8, AQ3.3/AQ3.2, AQ3.3/AQ3.4, AQ3.3/AQ3.6, AQ3.5/AQ3.2,
AQ3.5/AQ3.4, AQ3.5/AQ3.6, AQ3.7/AQ3.2, and AQ3.7/AQ3.4) were
tested on the total yeast collection listed in Table 1 under opti-
mised PCR ampliﬁcation conditions [1×PCRbuffer (Roche), 0.2mM
dNTP, 0.4M forward and reverse primers, 1.0 U Taq DNA poly-
merase (Roche), 50ng genomic DNA in a ﬁnal volume of 50L].
The thermal cycle consisted in 5min of denaturation at 94 ◦C, fol-
lowed by 35 cycles of 30 s at 94 ◦C, 45 s at 62 ◦C, 45 s at 72 ◦C and a
ﬁnal elongation for 5min at 72 ◦C.
Once speciﬁc SCAR markers developed (see Section 3), the
corresponding primer pairs (AR13.7/AR13.10 and AR13.7/AR13.11
for strain Ach 1-1, AQ3.1/AQ3.2 for strain 1113-5) were tested on
genomic DNA extracted from the epiphytic microﬂora of apple sur-
face in the same ampliﬁcation conditions as detailed above.
2.3. Development of a semi-selective medium
For the development of a semi-selective medium using Ach 1-
1 as the targeted strain, eight fungicides and six antibiotics were
tested at different concentrations (Table 3) using PDA as the basal
medium. Fungicides and antibiotics were ﬁrst tested individually
and then in combination of 3–5 different compounds (detailed
description of combinations not shown). On the whole, 40 differ-
Author's personal copy
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Table 3
Description of fungicides and antibiotics used for the development of a semi-selective medium for A. pullulans strain Ach 1-1
Product type Product name (active substances) Concentration (mgL−1) Code
Fungicides Sumico (Diethofencarb+Carbendazim) 1, 1.5, 5, 10, 25, 50, 100 Su
Fungaﬂor (Imazalil) 0.25, 0.5, 1, 5, 10 Fu
Topsin (Thiophanate-methyl) 0.25, 0.5, 1, 5, 10 To
Captan (Captan) 0.25, 0.5, 1, 5, 10 Ca
TMTD (Thiram) 0.25, 0.5, 1, 1.5, 2.5 Tm
Lirotect (Thiabendazole) 2.5, 5, 10, 25 Li
Euparen (Tolylﬂuanide) 0.1, 0.25, 0.5 Eu
Pelt 44 (Thiophanate-methyl) 0.5, 1, 5 Pe
Antibiotics Cycloheximid 0.1, 0.25, 0.5, 1, 1.5, 2.5, 5, 10 Cy
Geneticin 2.5, 5, 10, 25, 50, 100 Ge
Hygromycin B 2.5, 5, 10, 50, 100 Hy
Tetracyclin 10, 25, 50 Te
Spectinomycin 10, 25, 50 Sp
Streptomycin sulphate 10, 25, 30, 50 St
ent media were tested. Toxicity of each medium was evaluated and
compared to PDA medium upon plating 100 cfu of strain Ach 1-1
(four replicates per medium). Concentration (cfumL−1) of strain
Ach 1-1 suspension was determined using the Bürker cell. The
number of cfu was recorded 3, 4 and 7d after incubation at 25 ◦C.
Plating efﬁciency of strain Ach 1-1 on each medium was calculated
according to the following formula:
Efﬁciency (%) =
[
(cfu on the tested medium)
(cfu on PDA medium)
]
× 100
To evaluate the selectivity of the differentmedia against the lab-
oratory air microﬂora, three Petri dishes per medium, including
PDA, were left open for 3h on the laboratory bench. The selectivity
of each medium was also evaluated against apple fruit microﬂora.
To this end, four untreated apples were separately washed with
300mL of KPB buffer on a rotatory shaker (Gerhardt, Germany) at
120 rpm during 20min. Three millilitres were collected from each
washing water and pooled for the four apples. Four-fold dilutions
were plated out in quadruplicate on the tested media as well as on
PDAbasalmedium.After oneweekof incubation at 25 ◦C, thediffer-
ent colonies issued fromeither the laboratoryor the fruitmicroﬂora
were visually observed and counted.
Once a semi-selective medium developed for strain Ach 1-1, its
toxicity was assessed on strain 1113-5.
3. Results
3.1. Identiﬁcation of strain-speciﬁc RAPD markers
In a ﬁrst round of ampliﬁcations, Ach 1-1 was used as the tar-
geted strain. Thirty nine RAPDprimerswere ﬁrst tested on genomic
DNA of Ach 1-1 and two other strains (Ach 2-1 and Ach 2-2)
(detailed data not shown). Eight primers were selected (OPP-01,
OPQ-04, OPQ-12, OPR-06, OPR-13, OPT-01, OPT-05 and OPT-17)
based on their ability to generate at least one DNA fragment spe-
ciﬁc to the strain Ach 1-1. The size of speciﬁc bands ranged from
0.5 to 2.6 kbp. These primers were then assessed on the complete
A. pullulans collection (Table 1) except 1113-5, 1113-10 and 1206-5.
Among them, ﬁve produced each one fragment speciﬁc to strain
Ach 1-1 (Table 4). These fragments constitute thus ﬁve potential
Ach 1-1-speciﬁc SCAR markers. The RAPD pattern obtained with
OPR-13 primer is shown in Fig. 1. Depending on the strain, 8–22
DNA fragments ranging from 0.4 to 3.2 kbp have been ampliﬁed.
The Ach 1-1-speciﬁc fragment (Fig. 1) was cloned and sequenced,
leading to a sequence of 528bp.
Table 4
RAPD primer code and sequence and size of the corresponding speciﬁc bands gen-
erated for each targeted strain
Targeted strain RAPD primer Sequence (5′-3′) Size of speciﬁc bands (bp)





1113-5 OPN-17 CATTGGGGAG 460
OPO-05 CCCAGTCACT 500
OPQ-03 GGTCACCTCA 431
In the second round of ampliﬁcations, 1113-5 was the targeted
strain. Its RAPD pattern was ﬁrst compared to that of two other
strains (1113-10 and Ach 1-1) using 60 different RAPD primers
(detaileddatanotpresented). Sixteenprimersproducedat least one
band speciﬁc to the strain 1113-5, the size of these bands ranging
between0.4 and1.4 kbp. Among them, eight (OPN-17, OPO-05, 0PP-
14, OPQ-03, OPR-06, OPR-20, OPT-02 and OPT-06) were screened
using the whole collection of A. pullulans (Table 1). Three primers
have generated each one 1113-5-speciﬁc band (Table 4). The RAPD
proﬁle obtained with OPQ-03 produced a reproducible fragment of
431bp (Fig. 2) which was successfully cloned and sequenced.
The RAPD patterns obtained with OPR-13 primer for strain Ach
1-1 and with OPQ-03 for 1113-5 were reproducible on three inde-
Fig. 1. RAPD patterns of A. pullulans strains obtained with OPR-13 primer. Negative
control: addition of sterile water to the PCR mix. Molecular marker: GenerulerTM
100bp DNA Ladder Plus (Fermentas). The arrow indicates the band speciﬁc to strain
Ach 1-1.
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Fig. 2. RAPD patterns of A. pullulans strains obtained with OPQ-03 primer. Negative
control: addition of sterile water to the PCR mix. Molecular marker: GenerulerTM
100bp DNA Ladder Plus (Fermentas). The arrow indicates the band speciﬁc to strain
1113-10.
pendentDNApreparations (results not shown). Theseprimerswere
thus selected for the development of SCAR markers.
3.2. Generation of SCAR markers
To obtain SCAR markers speciﬁc to strain Ach 1-1 or to strain
1113-5, we designed 11 SCAR primers targeting the strain Ach 1-1
and8SCARprimers targeting the strain1113-5, derived respectively
from the sequences of the strain-speciﬁc RAPD markers ampliﬁed
with OPR-13 and OPQ-03 primers (Table 2). In this work, a total of
25 combinations of SCAR primer pairs (13 for strain Ach 1-1 and 12
for strain 1113-5) were tested.
The speciﬁcity of SCAR primers was checked on 14 A. pullulans
strains of our collection (Table 1). In the case of strain Ach 1-1,
both primer pairs AR13.7/AR13.10 and AR13.7/AR13.11 produced
respectively speciﬁc SCAR markers of 189bp (Fig. 3) and 387bp
(data not shown) at an annealing temperature of 62 ◦C. For strain
1113-5, aunique fragmentof 431bpwasobtainedwithAQ3.1/AQ3.2
primer pair at an annealing temperature of 60 ◦C (Fig. 4). Other
primer pairs were also screened but no strain-speciﬁc ampliﬁca-
tion was observed neither for Ach 1-1 nor for 1113-5 (data not
shown). The SCAR primer pairs AR13.7/AR13.10, AR13.7/AR13.11
and AQ3.1/AQ3.2 were also tested on genomic DNA extracted from
eight strains belonging to different yeast species commonly iso-
Fig. 3. Ampliﬁcation of a SCAR marker speciﬁc to strain Ach 1-1 using
AR13.7/AR13.10 as a primer pair. Negative control: addition of sterile water to the
PCR mix. Molecular marker: GenerulerTM 100bp DNA Ladder Plus (Fermentas).
Fig. 4. Ampliﬁcation of a SCARmarker speciﬁc to strain 1113-5 using AQ3.1/AQ3.2 as
a primer pair. Negative control: addition of sterile water to the PCR mix. Molecular
marker: GenerulerTM 100bp DNA Ladder Plus (Fermentas).
lated from apple surface (Table 1) as well as on DNA extracted from
the epiphytic microﬂora of apple surface and no ampliﬁcation was
obtained (data not shown).
The reproducibility of the SCAR patterns was conﬁrmed using
three different DNA preparations (data not shown).
3.3. Development of a semi-selective medium
A total of 40 combinations of fungicides and antibiotics were
tested on strain Ach 1-1. Their potential toxicity was evaluated by
growing strain Ach 1-1 on the tested media and on PDA during
7d at 25 ◦C. Ternary, quaternary and quinary combinations were
carried out starting from the highest concentration of antibiotics
and fungicides knownasnontoxicwhenusedalone for strainAch1-
1. The results of somenontoxic combinations (percentage of plating
efﬁciency superior to 90%) for the strain Ach 1-1 are presented in
Table 5.
Strain Ach 1-1 was unable to recover on one combination only
(1mgL−1 euparen+1.5mgL−1 sumico+2.5mgL−1 hygromycin
B+25mgL−1 streptomycin sulphate). For other tested combi-
nations, the plating efﬁciency ranged from 58% to 95% for 15
combinations and reached approximately 100% for the remain-
ing combinations, including the combination S32 (0.5mgL−1
euparen+1mgL−1 sumico+2.5mgL−1 hygromycin B+30mgL−1
streptomycin sulphate +1mgL−1 cycloheximide) (Table 5).
Selectivity of nontoxic combinations for strain Ach 1-1 was then
evaluated on the air microﬂora. Only the S32 medium showed total
inhibition against the air microﬂora and an important inhibition
Table 5
Plating efﬁciency (%) of A. pullulans strain Ach 1-1 on some tested media
Medium code Compounda combination (mgL−1) Plating efﬁciency (%)b
S2 Li (10) + Tm (1) + Sp (25) + Te (50) 107.8 ± 16.8c
S5 Pe (5) + Eu (0.5) + St (25) +Hy (5) 95.0 ± 2.0
S7 Tm (1) + Sp (25) + St (25) 92.2 ± 17.6
S14 Su (1.5) + Tm (1.5) +Cy (1.5) + Te (50) 98.6 ± 14.5
S16 Su (1.5) + Tm (1.5) + St (30) +Ge (2.5) 101.4 ± 19.2
S17 Su (1.5) + Tm (1.5) + Te (50) +Ge (2.5) 102.7 ± 16.4
S18 Eu (0.5) + Su (1) +Hy (2.5) + St (30) 102.7 ± 13.2
S32 Eu (0.5) + Su (1) +Hy (2.5) + St (30) +Cy (1) 98.7 ± 8.7
Only media with plating efﬁciency superior to 90% are shown.
a Lirotect (Li), TMTD (Tm), Sumico (Su), Euparen (Eu), Hygromycin B (Hy),
Streptomycin sulphate (St), Tetracyclin (Te), Cycloheximid (Cy), Geneticin (Ge),
Spectinomycin (Sp).
b Efﬁciency (%) = [(cfu on the tested medium)/(cfu on PDA medium)]×100.
c Mean± S.E.
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Fig. 5. Qualitative test of the selectivity and toxicity of S32 medium (0.5mgL−1
euparen+1mgL−1 sumico+2.5mgL−1 hygromycin B+30mgL−1 streptomycin sul-
phate +1mgL−1 cycloheximide) (B, C and D) compared to natural occurring
microorganisms grown on PDA medium (A) after one week of incubation at 25 ◦C. (A
and C) plating was done with washing water of untreated apples. (B and D) plating
was done with a suspension of strain Ach 1-1 (100L at 1000 cfumL−1) and either
subjected (B) or not (D) to the laboratory microﬂora for 3h.
against the fruit microﬂora except for some white and yellow yeast
colonies morphologically different from A. pullulans strains. In con-
trast, PDA medium was covered with several types of yeasts, fungi
and bacteria (Fig. 5).
4. Discussion
A. pullulans strains Ach 1-1 and 1113-5 are two new potential
biocontrol agents recently isolated from apple fruit surface and
selected for their great effectiveness against P. expansum and B.
cinerea (Achbani et al., 2005). The ability of strain Ach1-1 to sup-
press P. expansum development was repeatedly observed both in
vitro and in situ (Krimi Bencheqroun et al., 2006). Competition for
apple nutrients would be one of the main mechanisms underlying
its biocontrol activity on stored apple fruit, amino acids being the
most limited nutrients (Krimi Bencheqroun et al., 2007). Among
these amino acids, glycine, glutamic acid and especially serine
appear to be the most limited nutrients in this mechanism. In a
recent study (Mounir et al., 2007), it was found that strain Ach 1-1
was very effective in controlling blue mould on apples at both 5 ◦C
and 25 ◦C and that biomass production in a fermentor (fed-batch)
aswell as drying (ﬂuidized bed) did not affect its antagonistic activ-
ity. As new potential biocontrol agents, the speciﬁc identiﬁcation
of strains Ach 1-1 and 1113-5 using monitoring tools is needed for
their practical application and for their commercial use.
Methods developed to monitor biocontrol agents can be micro-
biological (classical or culture-based), direct or molecular methods
(for a review, see Pujol, 2006). In all cases, we can differentiate
the detection method (unambiguous identiﬁcation by a speciﬁc
marker) from the quantiﬁcationmethod (assessment of population
size). Regarding monitoring biological control agents, combined
methods are increasingly used in order to overcome the draw-
backs of using a single microbiological, direct or molecular method
(e.g. Atkins et al., 2003; Pujol, 2006 and references therein). In
the present work, we have developed a mixed monitoring method
(SCARmarkers and a semi-selectivemedium) for the speciﬁc detec-
tion and quantiﬁcation of A. pullulans strains Ach 1-1 and 1113-5.
Using the RAPD technique, we have identiﬁed eight speciﬁc
RAPD markers (ﬁve for Ach 1-1 and three for 1113-5, Table 3). For
each strain, one speciﬁc marker was chosen for its short sequence
size, thus simplifying the later cloning and sequencing steps: a frag-
ment of 528bp generated with OPR-13 primer for strain Ach 1-1
(Fig. 1) and another one of 431bp obtained with OPQ-03 primer
for strain 1113-5 (Fig. 2). Although these RAPD markers can be used
to identify our strains, we chose to convert them into SCAR mark-
ers which (i) simplify the detection with a single band instead of a
proﬁle, (ii) are more speciﬁc as they target a known sequence and
(iii) are less sensitive due to stringency of the PCR conditions. To
this end, RAPD fragments were cloned and sequenced and a set of
SCAR primers was designed (Table 2). In the case of strain Ach 1-1,
two SCAR markers were generated: a ﬁrst one of 189bp with the
primer pair AR13.7/AR13.10 (Fig. 3) and a second one of 387bpwith
the primer pair AR13.7/AR13.11 (data not shown). Regarding strain
1113-5, one SCAR marker of 431bp was ampliﬁed with the primer
pair AQ3.1/AQ3.2 (Fig. 4). Itwould be interesting in the future to use
these SCAR markers (obtained by conventional PCR) to follow the
population dynamics of our strains in different environments by
real time PCR. SCAR-based real time PCR has, in fact, been success-
fully used to monitor several biological control agents such as A.
pullulans strain L47 (Schena et al., 2002), Plectosphaerella cucume-
rina (Atkins et al., 2003), Candida oleophila strain O (Massart et al.,
2005), Pseudomonas ﬂuorescens strain EPS62e (Pujol et al., 2006),
and Trichoderma atroviride strain T1 (Cordier et al., 2007). Although
this technique has proven to be more advantageous (speed, accu-
racy and sensitivity) than the conventional PCR, it is expensive and
requires extensive work where a careful examination of (i) the ﬂu-
orescent signal chemistry, (ii) the design of speciﬁc primers and
probes and of (iii) the strategy used to establish a standard curve is
needed to generate reliable and meaningful results. Our next step
will thus be to test whether our SCAR markers could be used in real
time PCR experiments. Once implemented, real time PCR, unlike
conventional PCR, will not rely on data from counting cfu on semi-
selective medium to provide an estimation of the population size
of the biocontrol agent.
The total number of A. pullulans strains used in studies dealing
with genetic diversity and/or molecular marker development for
monitoring ranged from 10 to 205 strains (Li et al., 1996; Urzi et
al., 1999; Schena et al., 1999, 2002; De Curtis et al., 2004; Loncaric
et al., 2008). In the present work, SCAR primer pairs were tested
on 14 strains of A. pullulans, and on eight strains of other yeast
species commonly found on apple fruit, among which four can
be used as biocontrol agents (Pichia anomala strains K and J121,
C. oleophila strains O and I-128) (Table 1). The speciﬁcity of our
SCAR primer pairs was also checked using DNA template extracted
from the epiphytic microﬂora of apple surface (detailed data not
shown). Because of the high diversity/wide distribution of A. pullu-
lans (Yurlova et al., 1995; Schena et al., 1999; Urzi et al., 1999; this
work, Fig. 2) and the small number of strains tested in the present
work, itwouldbeuseful tovalidate the speciﬁcityof ourSCARmark-
ers by testing in the future these primers on a large number of
strains issued from different substrates and sites, including those
used by other biological control research groups (e.g. LS30, L47,
CF10, CF40, etc.). Interestingly, we have in the present work other
RAPD markers (four for Ach 1-1 and two for 1113-5), which consti-
tute new potential SCAR markers if those generated here become
nonspeciﬁc to our strains.
Although SCAR marker development requires long efforts and
high cost equipment, they are less time consuming, more sensitive
and culture independent once developed. SCAR markers have thus
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been successfully developed for several biological agents, includ-
ing those belonging to A. pullulans species (Schena et al., 2002; De
Clercq et al., 2003; Pujol et al., 2005; Nunes et al., 2008; Loncaric
et al., 2008). However, the fact that such kinds of markers may
not differentiate dead cells from living cells, and therefore might
overestimate the viable cells, constitutes their most important
drawback. This would be overcome in the present work since our
monitoring system also relies on counting cfu on a semi-selective
medium allowing simple identiﬁcation and quantiﬁcation of our
strains by the classical dilution plating method. To our knowledge,
the S32 medium (0.5mgL−1 euparen+1mgL−1 sumico+2.5mgL−1
hygromycin B+30mgL−1 streptomycin sulphate +1mgL−1 cyclo-
heximide, Table 5) using PDA as the basal medium is the ﬁrst
semi-selective medium developed for the isolation and quantiﬁca-
tion of biocontrol agents belonging to the A. pullulans species. It is
composed of two fungicides [euparen (Tolylﬂuanide), sumico (car-
bendazim and diethofencarb)] and three antibiotics (hygromycin B,
streptomycin sulphate, cycloheximide). It prevented the growth of
laboratory airmicroﬂora (Fig. 5) andwas not toxic for strains Ach 1-
1 and 1113-5 (plating efﬁciency more than 90%, Table 5). The ability
of the S32 medium to inhibit the natural microorganisms present
on apple surface was checked (Fig. 5). This point is of major impor-
tance since the semi-selective medium will be used to quantify the
antagonistpopulationonapple surface.Although thismediumdoes
not distinguish between our strains and other closely related ones,
the application of a simple PCR on the plated colonies using the
speciﬁc SCAR primers will speciﬁcally identify strains Ach 1-1 and
1113-5.Other studieshavealso exploited thebeneﬁts of thedilution
plating method on a semi-selective medium with strain-speciﬁc
identiﬁcation by SCAR markers (Abbasi et al., 1999; De Clercq et al.,
2003; Pujol et al., 2005; Nunes et al., 2008). The combined use of
at least two different methods has been considered as a necessary
and powerful tool for the monitoring, detection and quantiﬁcation
of biocontrol agents (Atkins et al., 2003; Pujol et al., 2006).
The use of the semi-selective medium and SCAR markers we
have developed in the present work as a mixed system to moni-
tor and quantify A. pullulans strains Ach 1-1 and 1113-5 may be of
some importance. Thepractical applicationof these strains requires
a valid monitoring system to speciﬁcally detect them within com-
plex populations, follow their population dynamics in relation to
modality of application, formulation and environmental condi-
tions, and to assess their dispersion and persistence once released
in the environment. However, more research is still needed mainly
to test our SCAR markers on a large set of A. pullulans from differ-
ent hosts and geographical origins, with emphasis on apple surface
epiphytes for a speciﬁc detection and quantiﬁcation of our strain
populations.
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